A case of dual origin of the left vertebral artery was encountered in a dissection (Folia Morphol 2016; 75, 1: 136-142) 
INTRODUCTION
The vertebral artery has an important role in the posterior circulation of the brain. Accurate knowledge of the anatomy of the vertebral artery, including its variations, is extremely important for intracranial vascular treatment. An unusual entrance level of the transverse foramen is a well-known anatomical variation. An abnormal origin of the vertebral artery is also sometimes observed. Some anatomical variations induce symptoms such as headache or vertigo and require careful differential diagnosis from arterial dissection, stenosis, occlusion, or other vascular disease. A dual origin of the vertebral artery has been reported in approximately 36 cases. In most of these cases, 2 arteries of dual origin united to form 1 vertebral artery at various levels [9] . In 1 case, however, the 2 arteries did not unite and flowed into different arteries [13] . We herein report the detailed findings of another case of this extremely rare anomaly, consider the embryological causes, and review previously reported cases.
MATERIALS AND METHODS
A case of dual origin of the left vertebral artery was encountered in an anatomical dissection course of our medical school in 2014. The case involved a 95-year-old woman with a slight, small build who died of natural causes. No signs of structural disorders, surgical scars, or other anomalies were found on or in her body.
RESULTS
A dual origin of the left vertebral artery was observed. One artery arose from the aortic arch between the origin of the left common carotid artery and left subclavian artery; its diameter was 3.5 mm. The other arose from the left subclavian artery as expected; its diameter was 1.4 mm and the distance from the origin of the left subclavian artery was 42 mm (Fig. 1) . The former entered the transverse foramen of the 4th cervical vertebra (the diameter of the artery at this point was 3.0 mm), ascended in the transverse foramen, joined the right vertebral artery, and became the basilar artery. The latter bifurcated into 2 branches just before entering the transverse foramen; the 2 branches entered the transverse foramina of the 6th and 7th cervical vertebrae (the diameters of the 2 arteries at this point were 1.1 mm and 0.8 mm, respectively) (Figs. 2, 3 ). These 2 branches did not ascend in the transverse foramina, but ran transversally along the anterior roots of the spine as radiculomedullary arteries and flowed into the anterior spinal artery. The anterior spinal artery flowed only into the left vertebral artery, which differs from the typical course involving the point just before the confluence of the bilateral vertebral arteries. The right vertebral artery arose from the right subclavian artery as expected and the distance between origin of the right subclavian artery and the right vertebral artery was 53.0 mm. The artery entered the transverse foramen of the 5th cervical vertebra; its diameter was 3.6 mm (Fig. 3) .
Other abnormalities were also observed, including 3 fenestrations in the anterior spinal, basilar, and left anterior cerebral arteries. Two hypoplastic anterior communicating arteries were present. The left posterior cerebral artery arising from the basilar artery (known as P1) was hypoplastic (Fig. 4) .
DISCUSSION
A dual origin of the left vertebral artery is an extremely rare variation. Excluding the cases reported in the 19th century, only 26 cases were reported until 1999 [9] . To the best of our knowledge, nine additional cases have been reported since then (Table 1) [6, 8, 12, 13, [16] [17] [18] [19] . Thus, we consider that 36 cases have been reported (26 cases reviewed by Komiyama and 10 cases reported since 1999, including our case). These 36 cases can be summarised as follows. Eighteen cases occurred in males and 14 occurred in females; the sex was not described in 4 cases. Fourteen cases involved in the right side, 19 involved the left side, and 3 were bilateral. Three types of dual origins of the right vertebral artery were described: both from the right subclavian artery in 15 cases, 1 from the brachiocephalic artery and another from the right subclavian artery in 1 case, and 1 case from the aorta and another from the subclavian artery in 1 case. Three types of dual origins of the left vertebral artery were also described: 1 from the aortic arch and another from the left subclavian artery in 20 cases, both from the left subclavian artery in 1 case [6] , and 1 case from the aortic arch and another from the thyrovertebral trunk which arose from the aorta in 1 case [7, 9] . The present case involved the most typical dual origin of the left vertebral artery (aortic arch and left subclavian artery). The cause of this anomaly can be explained by the following embryological theory. In normal human development, the branchial arches develop at the 4th week, and 6 paired aortic arches that connect the aortic sac and bilateral dorsal aortas develop and supply the blood to each branchial arch. The first and second of these paired aortic arches regress and disappear. The 3rd aortic arch becomes the common and internal carotid arteries, and the left 4th aortic arch becomes the aortic arch ( Fig. 5 ) [11] . The dorsal aorta then gives rise to three kinds of branches: the dorsal, lateral, and ventral branches. Approximately 30 paired dorsal intersegmental arteries arise, creating 3 main longitudinal anastomoses: precostal, postcostal, and post-transverse anastomoses with regression of most of the parts. The precostal anastomosis becomes the thyrocervical trunk in the neck and the costocervical trunk in the upper thoracic region. The postcostal anastomosis (1st to 6th dorsal intersegmental artery) becomes the vertebral artery in the neck. Finally, the post-transverse anastomosis becomes the deep cervical artery. These longitudinal anastomoses are connected to the 7th intersegmental artery, which becomes the subclavian artery (Fig. 5) [2, 14, 15] . In our case, one vertebral artery arose from the aortic arch between the left common carotid artery and left subclavian artery, and the other vertebral artery arose normally from the left subclavian artery. The left vertebral artery of aortic origin was presumed to be the remnant of the 4th intersegmental artery, which usually disappears. This remnant intersegmental artery developed into the vertebral artery and entered the 4th transverse foramen. The left vertebral artery of left subclavian origin was presumed to have been derived from the usual postcostal longitudinal anastomosis of the lower cervical intersegmental artery to the 7th intersegmental artery, which becomes the left subclavian artery (Fig. 5) .
One extremely unique aspect of this case is that the 2 left vertebral arteries did not unite; one became the vertebral artery coursing upward in the transverse foramen, and the other coursed transversely and flowed into the anterior spinal artery after entering the transverse foramen. In the most cases of dual origin of the vertebral artery, the 2 vertebral arteries united at various heights and formed 1 vertebral artery [13] . To the best of our knowledge, no case similar to ours except that reported by Nakamura has been reported [13] . Embryologically, the anterior spinal artery also develops from the longitudinal anastomosis of the dorsal intersegmental arteries, which occurs at the anterior spinal cord. The bilateral intersegmental arteries anastomose with the upper and lower intersegmental arteries in the anterior paramedian region of the anterior spine and become 2 arteries that run perpendicularly. The 2 paramedian arteries then combine and become the anterior spinal artery. Most parts of the transversely running intersegmental arteries in the vertebral canal regress and disappear except the radiculomedullary artery, which flows into the anterior spinal artery from the vertebral artery [10] . We consider that in the present case, the radiculomedullary artery developed instead of regression of the postcostal longitudinal linkage in the transverse foramen (Fig. 5 ). According to this embryological theory, the fenestration in the anterior spinal artery can be explained as partial dysphagia of the bilateral paramedical arteries. The vertebral artery of normal origin in this case divided into 2 branches that entered the 6th and 7th vertebral foramina. Entrance of a vertebral artery into the 7th transverse foramen is rare, and no clear embryological explanations have been proposed. The frequency of this anomaly reportedly ranges from 0.3% to 8.8% of cases. In 1928, Adachi and Hasebe [1] performed anatomical dissections and found 7 vertebral arteries entering the 7th transverse foramen in 86 (8.1%) sides. In 1959, Daseler and Anson [4] reported that the vertebral artery entered the 7th vertebral foramen in 5.4% of cases: 41 specimens (16 on the right and 21 on the left) among 379 bodies. In 2006, Yamaki et al. [20] reported that the left vertebral artery arose from the subclavian artery and entered the 7th transverse foramen in 8.8% of males and 7.5% of females. According to previous radiological reports, the frequency of the vertebral artery entering the In the cervical region, the precostal anastomosis forms the thyrocervical trunk, the postcostal anastomosis forms the vertebral artery, and the post-transverse anastomosis forms the deep cervical artery. The dorsal branch has a further branch that courses to the spinal canal to form a longitudinal anastomosis of the anterior spinal artery. Lower right: From left to right, the bilateral intersegmental arteries extend in superior and inferior directions and form the 2 longitudinal anastomoses in the bilateral paramedian region of the anterior spinal root. The 2 paramedian arteries then combine to form the anterior spinal artery. Most of the intersegmental arteries disappear, but some arteries remain and become the radiculomedullary arteries. The white areas surrounded by the dotted line indicate the disappeared vessels, and the area containing slanted lines indicates the atrophic vessel; AS -anterior spinal artery; CCA -common carotid artery; DA -dorsal aorta; DB -dorsal branch of the intersegmental artery; ECA -external carotid artery; ICA -internal carotid artery; IS -intersegmental artery; LSA -left subclavian artery; PA -pulmonary artery; Post CA -postcostal anastomosis; PreCAprecostal anastomosis; PT -post-transverse anastomosis; RM -radiculomedullary artery; RSA -right subclavian artery; VB -ventral branch of the intersegmental artery. Roman numerals indicate the primitive aortic arches.
C7 transverse foramen was 0.8% (4 in 500 sides) according to Bruneau et al. [3] , 1.2% (left) and 0.6% (right) according to Uchino et al. [19] , and 0.3% according to Hong et al. [5] . Although entrance of the vertebral artery into the 7th vertebral foramen is relatively rare, the left vertebral artery of normal origin in the present case split into 2 branches before entering the transverse foramen, and the 2 vessels then entered the 6th and 7th transverse foramina, respectively. This anomaly has not been described before.
CONCLUSIONS
We have reported the detailed anatomical findings of an extremely rare case of dual origin of the left vertebral artery. The 2 arteries did not coalesce into 1 vertebral artery. Moreover, this case was accompanied by multiple fenestrations and abnormal arteries running throughout the intracranial and intraspinal canal regions. This case is considered to be a very suggestive case for neurosurgeons and radiologists who perform treatments involving the vertebral artery.
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